: Establishment and confirmation of heterotic groups and genetic diversity assessment of maize inbred lines using microsatellite data. -Genetika, Vol 48, No.3, 1067 -1076. Twenty-seven maize inbreds (12 commercial and 15 developing lines) from Maize Research Institute breeding program were subjected to microsatelite analysis. The aim was genetic diversity determination, establishing relationships among tested lines and assigning them to heterotic groups according to molecular marker data. Number of alelles detected was 97, with an average of 3.23. Major allele frequency was in a range from 0.33 to 0.82 (average 0.55). The highest value for observed heterozygosity was 10% for several developing lines. Mean values for gene diversity and PIC were 0.56 and 0.48, respectively. Frequency-based distances were calculated using Roger's coefficient and average value of 0.57 indicates high genetic diversity in analyzed maize inbreds. Distance matrices were subjected to cluster analysis and PCA. Multivariate analysis methods showed considerable concurrency with pedigree data. Results of analysis with 30 microsatellite markers could be useful for defining/redefining heterotic groups but should be complemented with field testing data.
INTRODUCTION
The era of maize hybrids creation and exploatation started more than hundred years ago. Meanwhile, many efforts were invested in gaining the best, considering maize production. Importance of this crop for human population is not declining, although constant endavors are present in searching for new sources of energy and nutrients.
Maize breeding process includes creation of inbred lines through selfing in number of generations. Inbreeding and selection result in formation of genotypes that should contain homozygous alleles at about 95% or more of its loci. Development of maize hybrids with increased hybrid vigor requires crossing of homozygous lines from different heterotic groups. LEE (1995) defines heterotic group as a collection of germplasm which shows higher degree of heterosis (hybrid vigor) when crossed with germplasm from different heterotic group, then when crossed to genotype from its own group. It has been confirmed in many cases that genotypes belonging to different heterotic groups which exibit high heterosis when crossed are geneticaly more diverse than combinations of inbreds which show low heterosis. Thus, proper classification of maize lines into heterotic groups plays important role in successful maize breeding and producing maize hybrids with high yielding potential.
Traditionally, conventional breeding methods have been generally used for assigning maize inbred lines into heterotic groups and choosing suitable parental combinations. These methods use information about specific combining ability with some line-pedigree data and/or information about hybrid yield (LIBRANDO and MAGULAMA, 2008; LEGESSE et al., 2009) . Besides this approach, establishment and confirmation of heterotic groups could be aided by different DNA marker techniques (HUANG et al., 2001; BARATA and CARENA, 2006; RAJENDRAN et al., 2014) . Molecular markers help in assessing genetic diversity, structure and relationship among genetic material under investigation. These data then can be used for defining/redefining heterotic patterns.
Evolution of DNA markers since 1980s led from hybridisation based RFLPs to SNP markers and chip technology creation, in an effort to make these methods more accurate and more hightroughput (HENRY, 2012) . Besides certain drawbacks, some types of molecular markers are still frequentlly used. Microsatelite markers have been widely applied in maize molecular genetic studies in last two decades (WANG et al., 2008; AFAF et al., 2009; PINEDA-HIDALGO, 2013) . Codominant nature and known chromosomal position, reproducibility and high level of polymorphism of SSR markers ensure their utilization in the future.
The aim of this study was to get detailed information about genetic diversity patterns in commercial as well as in developing maize inbreds from Maize Research Institute using SSR markers. Also, the goal was to compare the data about line grouping revealed using molecular marker analysis and already avaliable pedigree data.
MATERIALS AND METHODS
Twenty-seven inbred lines from Maize Research Institute breeding programmes were genotyped using SSR molecular markers. Among the chosen genotypes, 12 inbreds are commercial inbred lines and the remaining 15 are developing lines (S4) (Table 1a, b) .
Genotyping was done using 30 SSR markers chosen on the basis of bin location which provides a uniform coverage of all ten chromosomes in the maize genome. Three markers were selected for each of 10 maize chromosomes.
Genomic DNA isolation, PCR amplification and electrophoresis were done according to NIKOLIC et al. (2015) . The size of the amplified fragments was determined using 20 bp DNA ladder (Thermo Scientific) and these data were subjected to statisitical analysis.
The summary statistics (allele number, major allele frequency, gene diversity (expected heterozygosity), observed heterozygosity, and PIC (Polymorphism Information Content) was calculated using PowerMarker V3.25. Frequency of rare and unique alleles was also calculated.
Genetic distances based on allele-frequency were determined according to ROGERS (1972) and dendrogram was constructed using UPGMA method in PowerMarker, 3.5. Visualization of clusters was done in MEGA 6.06. Matrices of genetic distances were subjected to Principal Component Analysis (PCA) implemented in NTSYS, 2.11a. 
RESULTS AND DISCUSSION

Genetic diversity parameters
Average number of alleles identified was 3.23, while total for all 27 analyzed inbreds was 97. Nearly the same sample size (36 maize lines) and number of SSR markers (25) were analyzed in DEMISSEW et al. (2015) , and the number of alleles detected was also almost the same (98 alleles), with an average of 3.9 per marker. The same value for average number of alleles (3.9) was presented in LEGESSE et al. (2007) , detected with the same number of SSR markers (27) as in our study. Number of alleles scored per marker was in a range from 2 (for 6 out of 30 microsatelites studied) to 6 (for two markers with dinucelotide repeats). The results confirmed the highest number of alleles for markers with dinucelotide repeats, as many times stated in different studies (LI et al., 2006; ADETIMIRIN et al., 2008; SSERUMAGA et al., 2014) . LANES et al. (2014) analysed 90 lines derived from tropical hybrids and populations and with 81 polymorphic SSRs generated 471 alleles with an average of 5.8 alleles per marker. These parameters were also much higher (total number of alleles 1082 and average number of alleles 7.21) in PARK et al. (2015) and possible reason is different number and type of SSR markers and sample size used in diverse studies. The minumum value calculated for MAF (major allele frequency) was 0.31, while the higest score was 0.82 and average 0.55. Gene diversity was in a range from 0.32 to 0.71 with a mean of 0.56. SSERUMAGA et al. (2014) reported similar value of this parameter -0.60 for tropical inbreds, while in WANG et al. (2008) average gene diversity for maize lines from China was higher -0.68 probably due to higher average number of alleles per locus. The lowest observed heterozygosity per marker was 0.037 and the highest 0.37 with average of 0.05. The highest value of observed heterozygosity per line was 10%, which is expected for developing lines after three generations of selfing. Some level of heterozygosity is detected in commercial inbreds, too and possible reason could be residual heterozygosity or duplication (the amplification of similar sequences in two different genomic regions). In addition, mean value for PIC was 0.48, and this parameter ranged from 0.29 to 0.69. Molecular markers are considered highly informative when PIC value is greater than 0.50 and one half (15) of SSRs used in this study belongs to that category. The rest of them a reasonably informative with a PIC value between 0.30 and 0.50. DEMISSEW et al. (2015) reported similar average value for PIC (0.491), athough greater values were presented in other studies (REID et al. 2011; PARK et al., 2015) . One third of molecular markers used were with dinuocleotide repeats but relatively low PIC detected could be caused by high level of genetic similarity among analyzed genotypes. The data about microsatelites used and summary of all disscussed genetic diversity parameters are presented in Table 2. Percent of rare alleles was 13.4% (frequency <0.05), while intermediate (frequency <0.50) and abundant (frequency > 0.50) comprised 69% and 17.5% of all detected alleles respectively. Artificial selection influences genic and intergenic regions and results in reduced diversity and greater number of rare alleles (JIAO et al., 2012) . CHOUKAN et al. (2005) found 44 unique alleles in 38 inbred lines with 43 SSR markers and KUMAR et al. (2008) detected 9 alleles specific for only one inbred in 16 lines with 24 microsatellites. Eleven unique alleles were found in lines L1, L4, L7, L11, L12 and L18 in this study. Although percent of rare and unique alleles is smaller comparing to other authors, these could identify several lines uniquely. 
Genetic distance
Roger's genetic distance ranged from 0.083 to 0.83. The lowest level of genetic distance was detected between lines L5 and L6 which is expected according to pedigree data. These lines belong to Lancaster Sure Crop (LSC) heterotic group. The most distant inbred lines were L4 and L24, and both genotypes belong to BSSS heterotic group. This result could be caused by errors in pedigree data recording. Besides, almost the same genetic distance (0.82) was found between L7 and L13 and L14 and L25, respectively, and both line pairs are from different heterotic groups according to already available data. Average genetic distance was 0.57, with 76% values in a range from 0.50 to 0.80 indicating considerable genetic diversity in 27 maize lines. Similar data were presented in DEMISSEW et al. (2015) .
Multivariate data analysis
Multivariate methods -cluster analysis and PCA were done in order to get better insight in genetic diversity patterns among studied lines. Results of PCA showed different grouping of inbreds comparing to cluster analysis. Most of inbreds were arranged in two main groups. One was consisted only of LSC lines, and the other comprised lines of BSSS and ID pedigree. Seven lines of different pedigree were scattered in PCA plot (did not belonged to defined groups). Two lines with unknown germplasm (L10 and L11) were located closely to each other suggesting common genetic background. Line L14, the only one with Ohio heterotic group germplasm was positioned separately from all other lines.
Inconsistencies in cluster and PCA grouping with pedigree data were observed in many studies with the same object of research (LU et al., 2009; DEMISSEW et al., 2015) .
CONCLUSIONS
This study proved that 30 SSR markers were sufficient to clearly separate 27 maize inbred lines, although higher number and different types of microsatellites could gave better insight in genetic structure and diversity of analyzed germplasm sample. Heterotic grouping according to microsatellite data should be complemented with the data from field experiments. In spite of disagreements among different types of data (pedigree, combining abilities, molecular genetics data), molecular markers are valuable tool that could help in establishing/confirmation of maize heterotic groups, correcting errors in pedigree data records and elucidating genetic background of tested genotypes and contribute to designing better breeding strategies. Izvod Dvadeset sedam samooplodnih linija (12 komercijalnih i 15 linija u razvoju) iz programa oplemenjivanja Instituta za kukuruz analizirano je mikrosatelitima. Cilj ovog istraživanja je bilo utvrđivanje genetičkog diverziteta testiranih linija i svrstavanje u heterotične grupe na osnovu podataka dobijenih molekularnim markerima. Detektovano je ukupno 97 alela, a prosečan broj po markeru iznosio je 3.23. Frekvencija najučestalijeg alela je bila u opsegu od 0.33 do 0.82 (prosečna vrednost 0.55). Najveći procenat heterozigotnosti od 10% uočen je kod nekoliko linija u razvoju. Srednje vrednosti genetičkog diverziteta i PIC parametra bile su 0.56 i 048 respektivno. Genetičke distance su izračunate na osnovu frekvencija korišćenjem koeficijenta po Rogers-u i srednja vrednost od 0.57 ukazuje na značajan diverzitet ispitivanih linija. Matrice distanci korišćene su za klaster analizu i PCA. Rezultati ove analize ukazuju na to da podaci dobijeni pomoću mikrosatelita mogu biti korisni u definisanju/redefinisanju heterotičnih grupa ali je potrebno da budu dopunjeni rezutatima testova urađenih u polju.
